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IMPLEMENTING DYNAMIC SRIOV
VIRTUAL FUNCTION RESIZING

FIELD OF THE INVENTION

The present invention relates generally to the data pro-
cessing field, and more particularly, relates to a method,
system and computer program product for implementing
dynamic resizing of a Single Root Input/Output Virtualiza-

tion (SRIOV) virtual function 1 a SRIOV adapter.

DESCRIPTION OF THE RELATED ART

Single root mput/output (10) virtualization (SRIOV) 1s a
PCI standard, providing an adapter technology building
block for I/O virtualization within the PCI-Express (PCle)

industry. SRIOV capability 1s a feature of many new PCle
adapters for Fibre Channel, Ethernet, Infiniband, and Con-
verged Network Adapters (CNA).

The SRIOV adapter has an I/O adapter virtualization
architecture that allows a single I/O adapter to be concur-
rently shared across many different logical partitions. The
sharing 1s done at a physical level, so that each logical
partition has access to a slice of the physical adapter. The
sharing 1s accomplished via partitioning the adapter into
many different PCI functions, and then distributing access to
those functions. The adapter i1s presented as one or more
physical functions (PFs) that control functions, for example
used for both configuration and I/O, and a set of virtual
tunctions (VFs), used for I/O and limited configuration, each
VF represents a slice of the adapter capacity that can be
assigned to a logical partition independently of other VFs.
Each logical partition has a device driver for each of the VFs
assigned to the logical partition.

A need exists for an effective mechanism to implement
dynamic resizing of a Single Root Input/Output Virtualiza-
tion (SRIOV) virtual function 1n a virtualized system. It 1s
desirable that such mechanism enables effective and efhicient
utilization of adapter and hypervisor resources associated
with a SRIOV virtual function based upon the VF usage.

SUMMARY OF THE INVENTION

Principal aspects of the present invention are to provide a
method, system and computer program product for imple-
menting dynamic resizing of a Single Root Input/Output
Virtualization (SRIOV) virtual function in a virtualized
system. Other important aspects of the present invention are
to provide such method, system and computer program
product substantially without negative eflects and that over-
come many of the disadvantages of prior art arrangements.

In briet, a method, system and computer program product
are provided for implementing dynamic resizing of a Single
Root Input/Output Virtualization (SRIOV) virtual function
in a SRIOV adapter. A management function, a hypervisor,
a hypervisor based PF device driver and a partition based
virtual function (VF) device driver are used to implement
usage based VF resizing. The management function peri-
odically queries the SRIOV adapter for activity statistics for
every assigned virtual function. The management function
builds a usage heuristic based on these statistics and calcu-
lates VF resource usage based on these statistics. The usage
information determines whether VF resources need to be
scaled-up or scaled-down. A corresponding resize event 1s
generated and send by the management function to both the
hypervisor based PF device driver and partition based VF
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device driver. Both the PF and VF device drivers scale to the
corresponding VF resource of the resize event.

In accordance with features of the invention, i1n case errors
are encountered during a resize event, the VF resources
remain unchanged.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above and other
objects and advantages may best be understood from the
following detailed description of the preferred embodiments
of the mvention illustrated in the drawings, wherein:

FIGS. 1A and 1B, and FIG. 2 illustrates a respective
example computer system and example system for imple-
menting dynamic resizing ol a Single Root Input/Output
Virtualization (SRIOV) virtual function (VF) 1 a SRIOV
adapter in accordance with the preferred embodiment;

FIGS. 3, 4, and 3 together provide a tlow chart illustrating,
example operations for implementing dynamic resizing of a
Single Root Input/Output Virtualization (SRIOV) virtual
function (VF) for the SRIOV adapter 1n accordance with the
preferred embodiment; and

FIG. 6 1s a block diagram 1llustrating a computer program
product 1in accordance with the preferred embodiment.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

In the following detailed description of embodiments of
the invention, reference 1s made to the accompanying draw-
ings, which illustrate example embodiments by which the
invention may be practiced. It 1s to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the mvention.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are mtended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises™ and/or
“comprising,” when used 1n this specification, specity the
presence ol stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

In accordance with features of the invention, a method,
system and computer program product are provided for

implementing dynamic resizing of a Single Root Input/
Output Virtualization (SRIOV) virtual function (VF) 1n a
SRIOV adapter.

Having reference now to the drawings, in FIGS. 1A and
1B, there 1s shown an example computer system generally
designated by the reference character 100 for implementing
dynamic resizing of a Single Root Input/Output Virtualiza-
tion (SRIOV) virtual function (VF) 1n a SRIOV adapter 102
in accordance with the preferred embodiment. Computer
system 100 1ncludes one or more processors 104, or central
processor units (CPUs) 104 (one shown) coupled by an /O
hub or processor host bridge 106 to the Single Root Input/
Output Virtualization (SRIOV) adapter or hardware 1/0
adapter 102.

Computer system 100 imncludes a memory 108 and one or
more logical partitions (LPARs) 110 (one shown) coupled by
a system bus 111 to the processor 104 and the processor host
bridge 106. Each operating system (OS) 112 resides 1n its
own LPAR 110, with each LPAR allocated a part of a

physical processor 104, an entire physical processor, or
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multiple physical processors from the computer 100. A VF
device driver 114 1s provided with the logical partition
(LPAR) 110. A portion of the memory 108 1s allocated to

cach LPAR 110. Computer system 100 includes a hypervisor
116 including a configuration mechamism 118. The hyper-
visor 116 1s a part of the system firmware and manages the
allocation of resources to each operating system 112 and
LPAR 110.

As shown, a hardware management console (HMC) 120
used, for example, to manage system functions including
logical partition configuration, 1s coupled to the hypervisor
116 via a service processor 122. Computer system 100
includes a physical function (PF) manager or PF adjunct 124
provided with the hypervisor 116. The PF adjunct 124

includes an adapter driver 128 to manage physical functions
of the hardware 1/0 adapter 102. The hypervisor 116 uses the
PF adjunct 124, for example, to configure physical functions
(PFs) and wvirtual functions (VFs) of the hardware 1/0O

adapter 102, for example, based on configuration 1nforma-
tion provided by a system administrator via the hardware
management console 120, and for dynamic virtual function
(VF) resizing based on VF usage in accordance with the
invention.

As shown, the hardware I/O adapter 102 includes, for
example, a first physical function 130, a second physical
function 132, a first port 134, and a second port 136. The
hypervisor 116 using the PF adjunct 124 configures virtual
functions based on the physical functions 130, 132 and
associates virtual functions with one or more of the ports
134, 136 of the hardware I/O adapter 102.

For example, a first virtual function, 140, instance 1, and
the Mth 1nstance of the first virtual function 142, where M
1s greater than 1, are associated with the second port 136. As
shown, a second wvirtual function 144, such as the first
instance ol the second virtual function 144 and the Pth
instance of the second virtual function 146, where P 1s
greater than 1, are associated with the first port 134. As
shown, multiple istances of an Nth virtual function, where
N 1s greater than 2, such as the first instance of the Nth
virtual function 148 is associated with the first port 134 and
the Qth mstance of the Nth virtual function 150, where Q 1s
greater than 1, 1s associated with the second port 136.

Hach instance of the first virtual function 140, 142, the
second virtual function 144, 146, and Nth virtual function
148, 150 are hosted by a physical function, such as one of
the first physical function 132, the second physical function
132, and another physical function (not shown).

Each instance of the first virtual function 140, 142, the
second virtual function 144, 146, and Nth virtual function
148, 150 includes a respective virtual function identifier
(ID), shown as ID 152, ID 154, ID 156, 1D 158, ID 160, and
ID 162. Each virtual function identifier uniquely identifies a
particular virtual function that 1s hosted by the hardware 1I/O
adapter 102. For example, when a message (not shown) 1s
routed to a particular virtual function, the message includes
the 1dentifier associated with the particular virtual function.

Referring to FIG. 1B, there are shown example adapter
level settings 170 for implementing dynamic resizing of a
Single Root Input/Output Virtualization (SRIOV) virtual
tfunction (VF) 1 a SRIOV adapter 102 in accordance with
the preferred embodiment. As shown, the adapter level
settings 170 apply to all re-sizable virtual functions 1includ-
ing an enable resize 171, a resize poll interval 172, a resize
poll frequency 173, a resize policy 174, a max scale down
tailure count 175, a max scale up failure count 176, and a
resize ratio 177.
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The enable resize setting 171 governs whether resizing of
VFs 1s enabled or not. If the enable resize setting 171 1s
disabled, the adapter level re-size settings and VF level
re-size settings are disabled. The resize poll interval 172 1s
a resizing heartbeat, such as set values of 1 minute, 5
minutes and 10 minutes. The resize poll interval 172 1s the
interval at which the management function polls the SRIOV
adapter 102 for VF statistics.

The resize poll frequency 173 includes a number of
consecutive resize mtervals to be tracked before making a
decision whether to resize a VF. The resize policy 174
includes for example a simple policy with resources resized
by a fixed percentage, such as 25% every time; a medium
policy with resources resized by a fixed factor, such as the
next multiple of 5; and an aggressive policy with resources
resized by a fixed factor, such as the next multiple of 25.

The max scale down failure count 175 1s a maximum
number of consecutive failures allowed for scale down
operations. In case of number of consecutive failures exceed
this value 175, the VF 1s marked as non-resizable for
scale-down, and the VF resources are fixed after this point.
The max scale up failure count 176 1s a maximum number
of consecutive failures allowed for scale up operations. In
case of number of consecutive failures exceed this value
176, the VF 1s marked as non-resizable for scale-up, and the
VF resources are fixed after this point. The resize ratio 177
1s a setting that governs the weight given for DMA and
MMIO buflers usage for resize calculations. For example,
default value of 50% 1s set for DM A and MMIQO. This means
that while determining usage information, both DMA and
MMIO will be given equal weight.

Example virtual function settings 180 are shown for
implementing dynamic resizing of a Single Root Input/
Output Virtualization (SRIOV) virtual function (VF) 1n a
SRIOV adapter 102 in accordance with the preferred
embodiment. The virtual function settings 180 include an
1s-resizable setting 181 that governs whether the VF 1s
re-sizable or not.

A scale down policy 182 must be specified for all virtual
functions that want to donate extra resources back to the
adapter 102 and hypervisor 116, for example, the user may
select one of the three policies described for the resize policy
174.

A scale down threshold setting 183 1s enabled only when
a scale down policy 1s selected, and this value indicates the
minimum threshold resources percentage for a scale down
operation. No scale down 1s permitted 11 1t reduces the
resources below this threshold setting 183. The value of the
scale down threshold setting 183 1s relative to original
resources allocated to this VFE, and for example, defaults to
10% of an original VF resource allocation. This means that
at the very minimum a SRIOV wvirtual function may be
scaled down to 10% of 1ts original resource value.

A scale up policy setting 184 must be specified for all
virtual functions that want to obtain extra resources from the
adapter and hypervisor, and the user may select one of the
three policies described for the resize policy 174.

A scale up threshold setting 185 1s enabled only when
scale up policy 1s selected, and this value indicates the
maximum threshold resources percentage for a scale up
operation. No scale up 1s permitted 1f it exceeds the
resources below this threshold 185. The value of the scale up
threshold setting 185 1s relative to original resources allo-
cated to this VF, and for example, defaults to 200% of
original VF resource allocation. This means that at maxi-
mum a SRIOV virtual function may be scaled up to 200%
of 1ts original resource value.




US 9,459,905 B2

S

In FIG. 1B, example hardware facilities and functions 186
are shown for implementing dynamic resizing of a Single
Root Input/Output Virtualization (SRIOV) virtual function
(VF) 1n a SRIOV adapter 102 in accordance with the
preferred embodiment. The hardware facilities and functions
186 include a usage statistics check agent 187 that runs on
the management channel side and periodically gathers VF
statistics from the SRIOV adapter 102, and also converts
statistics to usage mformation as per a selected algorithm.
The usage information obtained 1s used by the agent 187 to
predict VF usage 1n a next interval.

The hardware facilities and functions 186 include scale
down and scale up event commands 188 that are send to the
hypervisor 116 for resizing a specific VF. The hardware
tacilities and functions 186 include DMA windows 190 for
each active SRIOV VF, PF and VF drivers, and MMIO
windows 192 for each active SRIOV VF, PF and VF drivers.

Computer system 100 1s shown in simplified form sufli-
cient for understanding the present invention. The 1llustrated
computer system 100 i1s not intended to imply architectural
or functional limitations. The present invention can be used
with various hardware implementations and systems and
various other internal hardware devices.

Referring to FIG. 2, there i1s shown another example
system generally designated by the reference character 200
for implementing dynamic resizing of a Single Root Input/
Output Virtualization (SRIOV) virtual function (VF) 1n a
SRIOV adapter 102 1n accordance with the preferred
embodiments.

System 200 includes a hypervisor 204 or other virtual-
ization intermediary, used to enable multiple logical parti-
tions to access virtual functions provided by hardware that
includes the hardware 1/O adapter 202. For example, as
shown 1n FI1G. 2, the hypervisor 204 1s used to enable a first
logical partition 206, a second logical partition 208, and an
Nth logical partition 210, to access a plurality of virtual
functions 212, 214, 216, 218 that are provided by the
hardware 1/0O adapter 202. For example, the hypervisor 204
used a first physical function 220 of the hardware 1/O
adapter 202 to provide a first instance of a first virtual
function 212, a second instance of a first virtual function
214, and an Nth instance of a first virtual function 216 to the
logical partitions 206, 208, 210. As shown the hypervisor
204 uses a second physical function 222 of the hardware 1/0
adapter 202 to provide a second virtual function 218 to the
logical partitions 206, 208, 210.

The physical functions 220, 222 advantageously include
PCI functions, supporting single root I/O wvirtualization
capabilities. Each of the virtual functions 212, 214, 216, 218
1s associated with one of the physical functions 220, 222 and
adapted to share one or more physical resources of the
hardware I/O adapter 202. Each of the virtual functions
(VFEs) 212, 214, 216, 218 includes the enable resize setting
181 that governs whether the VF 1s resizable or not.

Software functions or modules, such as a physical func-
tion (PF) adjunct 224 including an adapter device driver 225,
1s provided with the hypervisor 204 for managing the
physical functions 220, 222 and the virtual functions (VFs)
212, 214, 216, 218. For example, a user may specily a
particular configuration and a particular resizing policy 174
and the hypervisor 204 uses the PF adjunct 224 to configure
and dynamically resize the virtual functions 212, 214, 216,
218 from the physical functions 220, 222.

For example, in operation the hypervisor 204 with the PF
adjunct 224 enables the first virtual function instances 212,
214, 216 from the first physical function 220. The hypervisor
204 with the PF adjunct 224 enables the second virtual
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function 218 from the second physical function 222. The
virtual functions 212, 214, 216, 218 are enabled, for
example, based on a user provided configuration and are
dynamically resized based on VF usage. Each of the logical
partitions 206, 208, 210 may execute an operating system
(not shown) and client applications (not shown).

As shown, the client applications that execute at the
logical partitions 206, 208, 210 perform virtual input/output
operations and 1nclude a respective device driver to directly
manage an associated virtual function. For example, a first
client application executing at the first logical partition 206
may include a first client VF device driver 226, and a second
client application executing at the first logical partition 206
may include a second client VF device driver 228.

As shown, the first client VF device driver 226 accesses
the first instance of the first virtual function 212. The second
client virtual VF device driver 228 accesses the second
virtual function 218. A third client VF device driver 230
executing at the second logical partition 208 accesses the
second 1nstance of the first virtual function 214. An Nth
client VF device driver 232 executing at the Nth logical
partition 210 accesses the Nth instance of the first virtual
function 216. An access mechanism 234 and a configuration
mechanism 236 are provided with the hypervisor 204 to
associate a logical partition with an accessed virtual func-
tion. The hypervisor 204 uses the access mechanism 234 to
ecnable logical partitions, such as LPAR 206 to access
configuration space associated with one or more of the
virtual functions 212, 214, 216, 218.

System 200 1s shown in simplified form suflicient for
understanding the present invention. The illustrated system
200 1s not mtended to mmply architectural or functional
limitations. The present invention can be used with various
hardware implementations and systems and various other
internal hardware devices.

In accordance with features of the invention, the hyper-
visor 204 supports the new types of events of the invention,
the scale down and scale up events originating from the
management function. The hypervisor 204 relays the scale
down and scale up events to the VF device driver 226 to
allow the VF device driver to resize resource ranges. The
hypervisor 204 relays the scale down and scale up events to
the PF device driver 225 to allow the PF device driver to
resize adapter resource ranges.

In accordance with features of the invention, the PF
device driver 225 receives the scale up and scale down
events from the hypervisor and relays the events to the
SRIOV adapter 102. The PF device driver notifies the
hypervisor of the success or failure of resize operation. The

PF device driver 225 reserves extra DMA and MMIO buflers
for the VF, while the extra DMA and MMIO buflers are only
reserved and not used until the hypervisor 204 requests the
PF device driver (DD) to start using the same.

In accordance with features of the invention, the VF
device driver 226 receives the scale up and scale down
events from the hypervisor 204 and applies the new ranges
for DMA and MMIQO after successiul handling of current
transaction without stopping the VF 212. The VF device
driver 226 notifies the hypervisor 204 of the success or
failure of resize operation.

In accordance with features of the invention, dynamic
resizing of the SRIOV VF 1s provided according to their
usage statistics collected over a period of time. For example,
a user speciiies whether a VF may be resized and the upper
and lower limits on VF resizing at the time of VF creation.
The management function periodically polls the adapter 102
for VF statistics. These statistics are gathered by for all VFs
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that may be resized. The management function collects
statistics for resize poll frequency 173 consecutive intervals.
The 1nterval used for polling VFs, resize poll interval 172 1s
specified by management function administrator when con-
figuring this feature. VF usage 1s determined by checking
what percentage of DMA and MMIO buflers were used 1n a
particular interval.

In accordance with features of the invention, usage nfor-
mation from raw statistics 1s determined by identifying a
percentage ol the allocated DMA and MMIO buflers that
were used for a particular interval. For instance 1if for a
particular second interval only 25% DMA buflers and 35%
MMIO buflers are being used, the usage % 1s said to be 30%.
The percentage 1s with reference to the DMA and MMIO
space allocated to the specific VFE. The usage information 1s
obtained by gathering statistics every resize poll interval 172
and averaging the collected statistics, such as represented by
the following equations:

DMA_Usage,=(Adapter DMA_ Stats,—Adapter
DMA _Stats, ;)/(resize_poll_interval®™ MAX_
DMA_FOR_THIS_VF_PER_POLL_
INTERVAL)

MMIO_Usage =(Adapter MMIO_ Stats . — Adapter_M-
MIO_Stats, | )/(resize_poll_interval *MAX_
MMIO_FOR_THIS_VF_PER_POLL_
INTERVAL)

Equal weight optionally 1s given to both DMA and MMIO
utilization, and may be configured via a management func-
tion option.

In accordance with features of the invention, dynamic
resizing of the SRIOV VF 1s determined based on VF usage.
If the usage thus determined is less than the lower usage
threshold, a scale down operation 1s performed. Alterna-
tively 1f the usage 1s greater than higher usage threshold, a
scale up operation 1s performed. The resize operation 1s
performed 11 and only 11 all the usage values gathered during
consecutive resize poll frequency cycles are either all less
than lower threshold or all the statistics are higher than
higher threshold with no resizing operation being performed
for mixed usage. For example, management function initi-
ates a corrective scale up or scale down action and resets the
frequency counter. The next statistics gathering phase starts
alter the scale up/scale down operation 1s complete. Hence
resize poll frequency implies a number of consecutive
intervals that a particular pattern should hold. Identifying a
number ol consecutive intervals pattern for a few cycles
before making a resize decision allows the VF to absorb
occasional high and low usage blips.

In accordance with features of the invention, usage infor-
mation for dynamic resizing SRIOV VF 1s determined based
on VF usage history. The past usage patterns are used for
predicting Tfuture wusage and allocating/de-allocating
resources based on predicted future usage. Future usage
value 1s calculated on the basis on usage patterns for the past
resize poll frequency cycles. Once the average usage value
1s calculated as described above, the resources are re-sized
as per the resize policy 174 set 1n the management function.
The variation of weighted mean approach 1s used with more
emphasis to current history for calculating future usage,
such as represented by the following equation:

Uy=(NF*UAN-1)*UAN=-2)2Upm+. . .
(N-1)+(N-2)+. .. 1)

+1*U )/ (N+

Consider the following formula for usage prediction with
resize poll interval value as 5 as follows:

Ure=(3%Ups44F U g4 33U 3+ 25U o+ 1% U 7))/ (5444 3+
2+1)
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For example given the input past usage values of 20, 15, 7,
0, 10

Ure=(5%10+4%0+3%7+2%15+20)/15=8.0

Once a usage value 1s determined, a resize policy 174 1s
applied to obtain desired resource re-size. Resize policies
may be selected from the management function. In the above
case the usage 1s 8% of existing resources. Applying the 3
policies results 1n following behavior, simple policy uses
75% of existing resources, medium policy uses 25% of
existing resources, and aggressive policy uses 10% of exist-
Ing resources.

Referring to FIGS. 3, 4, and 3, there are shown exemplary
operations of the processing and logic provided by the
processor 104 and hypervisor 116 for implementing
dynamic resizing of a Single Root Input/Output Virtualiza-
tion (SRIOV) virtual function (VF) 1n a SRIOV adapter 102
in accordance with the preferred embodiment.

In FIG. 3, scale down operations start as indicated in a
block 300. A scale down operation returns excess DMA and
MMIO buflers back to the hypervisor. The corresponding
adapter resources are also freed. The binding between the
excess resources and the corresponding VF 1s broken and
these resources are returned to the adapter and the hypervi-
sor. These resources may be used for new VFs and/or
scale-up operations. The management function detects a
scale down operation as indicated in a block 302. The scale
down re-size operation starts with management function
notifying the hypervisor that the VF 1s not utilizing its
resources eflectively and 1s a candidate for resource recla-
mation as indicated 1n a block 304. The hypervisor prevents
further scale down operation for this VF as indicated 1n a
block 306. The hypervisor allocates new DMA and MMIO
buflers for the VF as indicated 1n a block 307, and since the
previous bullers may be being used at this time, the hyper-
visor does not free up old DMA and MMIO buflers. As
indicated 1n a block 308 the hypervisor sends an event to the
VF DD indicating that the VF DD needs to re-size 1ts DMA
and MMIO ranges via the scale down event. The VF driver
running 1n the LPAR acknowledges this event from the
hypervisor as indicated 1n a block 310. The VF device driver
checks the current VF state as indicated 1in a block 312, in
order to re-size its bullers to align with the hypervisor. The
VF device driver may have to wait for the current transac-
tions to end before resizing its buflers as indicated 1n a
decision block 314 and 316. If the VF device driver 1s not
able to resize the ranges as indicated in a block 318, the
hypervisor releases the new DMA and MMIO buflers as
indicated in a block 320 and the old VF resources are not
changed. The scale down operation has failed as indicated 1n
a block 322. If the VF DD 1is not able to scale down its
resource usage at block 318, the scale down operation fails
immediately. Also if the VF DD 1s able to scale down but the
PF device driver 1s not able to free up adapter resources, the
hypervisor sends a scale up event to the VF DD to reinstate
its resources to their previous values. The scale down
operation 1s deemed failed 1n both cases at block 322.

In accordance with features of the invention, 1f the scale
down operation fails multiple times, the management func-
tion guards scale down operation for this VF. This 1s done to
prevent CPU cycles when a re-size fails due to hardware
problem. Similarly 1f the VF DD does not send an acknowl-
edgment that VF resize event was successiully or unsuc-
cessiully handled, the hypervisor assumes failure and de-
allocates the newly allocated buflers at block 320. This is
also another case of scale down operation failing at block

322.
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When the VF 1s not busy, the VF device driver resizes 1t
internal structures as indicated in a block 324. Once the
re-size 1s complete from VF driver perspective, the VF
device driver notifies the hypervisor as indicated in a block
326. The hypervisor now releases the old buflers as indi-
cated 1n a block 328 and also sends a command to PF device
driver to use the newly allocated adapter resources. When all
three parts are successiully re-sized, the scale down opera-
tion 1s deemed completed and successiul as indicated in a
block 330, and the excess DMA and MMIO space has been
freed from standpoint of the VE, hypervisor and adapter.
Operations end as indicated 1n a block 332.

In FIG. 4, scale up operations start as indicated 1n a block
300. A scale up operation 1s performed by allocating more
DMA buflers and MMIO space for an active SRIOV VFE.
Once the management function detects a scale up operation
as indicated 1 a block 402 and the management function
decides the percentage of excess DMA and MMIO resources
to be allocated. The scale up re-size operation starts with
management function notitying the hypervisor as indicated
in a block 404. As indicated 1n a decision block 406, once the
hypervisor gets this request, the hypervisor checks 11 1t has
excess DMA and MMIO buflers to allocate requested
MMIO and DMA space to the VF. If the hypervisor does not
have excess bullers that 1t can allocate, the scale up resize
operation fails as indicated 1n a block 408. If the hypervisor
has excess buflers that 1t can allocate, the hypervisor queries
the adapter to check 11 the adapter can allocate resources for
this VF as indicated 1n a decision block 410. If either check
fails due to resource limitation, the scale up call returns a
failure to the management function and the operations end as
indicated 1n a block 432.

In case of success, the hypervisor allocates excess DMA
and MMIO butlers as indicated in a block 412. After that the
hypervisor informs the VF DD of its new DMA and MMIO
ranges via a scale up event as indicated in a block 414. The
VF DD acknowledges the event as indicated 1n a block 416.
Checking 11 the VF 1s busy 1s performed as indicated 1n a
block 418. As indicated 1n a decision block 420, 1f the VF 1s
busy, the VF waits for the ongoing transaction to complete
before resizing its resources as indicated 1n a block 422.
When the VF 1s not busy, the VF device driver resizes it
internal structures as indicated in a block 424. Once the
re-size 1s complete from VF driver perspective, the VF
device driver notifies the hypervisor as indicated 1n a block
426. The hypervisor now releases the old buflers as indi-
cated 1n a block 428 and also sends a command to PF device
driver to use the newly allocated adapter resources. When all
three parts are successtully re-sized, the scale up operation
1s deemed completed and successiul as indicated 1n a block
430, and the excess DMA and MMIO space has been freed
from VF, hypervisor and adapter standpoint. At this time the
VF has been re-sized from adapter and hypervisor perspec-
tive. Operations end as indicated 1n a block 432.

In accordance with features of the invention, in case of
failures, the management function may try again after some
time. If a scale up failure threshold specified in the man-
agement layer 1s reached, the VF 1s eflectively locked for
scale-up operation.

In accordance with features of the invention, 1n case of
DMA and MMIO requests when a resize operation 1s 1n
progress, requests originating from adapter 102 or LPAR
will hit hypervisor 1n 3 cases as follows:

1. Both PF device dniver and VF device driver using new

MMIO/DMA ranges;

2. Both PF device drniver and VF device driver using old

MMIO/DMA ranges; and
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3. VF DD using the new ranges while PF DD 1s using the old
DMA/MMIO ranges.

In accordance with features of the invention, any requests

that originate from the adapter while the resize 1s going on
can hit the VF DD. If this request hits the VF when the old

ranges are being used, the old ranges will be used for this
transaction. If the adapter request hits when the VF is using
new ranges and the adapter 1s using new ranges, the trans-
action will use new ranges. When the VF has resized to the
new DMA/MMIO ranges while the hypervisor has requested
or 1s 1n the process of requesting PF DD to use the new
ranges, at this time the hypervisor has not yet freed up old
memory and the PF DD 1s using the old ranges. This
situation 1s prevented from arising by eflectively locking
DMA/MMIO operations between VF resize and hypervisor
resize completion. Note that outstanding MMIO operations
are processes before the VF has resized.

In accordance with features of the invention, error han-
dling 1s very important for both scale down and scale up
resize operations since there are multiple components
involved and the failure of one component to properly resize
impacts the success of the operation. As such the entire error
handling 1s based on two main concepts, first requiring
verification that all resize operations complete successtully
for the entire operation to be successtul and second 1n case
of failures, roll back any changes made.

In accordance with features of the invention, error han-
dling includes for the simplification of implementation an
assumption that the VF scale up operation will never fail.
The reasoning behind the assumption 1s that the VF range 1s
just a number and since we are increasing the number from
original value, this operation should never fail. The algo-
rithm makes sure that all outstanding requests have been
processed while the VF resize operation 1s being performed.
Locking 1s used to make sure that only one VF is being
resized at one time. Also this VF 1s locked and does not
accept any requests while the resize 1s ongoing so that any
application that tries to use this VF gets a Try-again error.
The same error handling algorithm 1s used for scale up and
scale down error handling.

In FIG. §, error handling operations start as indicated 1n
a block 500. After the resize operation 1s received by
hypervisor and the hypervisor checks whether it has enough
buflers for resizing as indicated 1n a decision block 502. The
hypervisor checks whether the adapter has enough buflers
for resizing as indicated in a decision block 504. If the
hypervisor or the adapter does not have extra buflers, the
operation fails here as indicated 1n a block 506. If both the
adapter and hypervisor have excess bullers, excess bullers
are reserved as indicated in a block 508.

On successtul reservation, the hypervisor sends a message
to the VF DD that 1t should resize 1ts buflers via a resize
event as indicated 1n a block 510. Then the VF DD acknowl-
edges the event as indicated 1n a block 512. The VF device
driver checks the current VF state as indicated in a block
514. When determined that the VF 1s not busy as indicated
in a decision block 516, the VF device driver resizes it
internal structures as indicated in a block 518. Once the
re-size 1s complete from VF driver perspective, the VF
device driver notifies the hypervisor as indicated in a block
520. The hypervisor and adapter now release the old buflers
as mndicated 1n a block 522 and the hypervisor associates the
newly allocated adapter resources with the VF as indicated
in a block 524. The scale down resize operation 1s successiul
as mdicated 1n a block 525. Operations end as indicated 1n

a block 534.
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When determined that the VF 1s busy at decision block
516, the VF DD waits for the transaction to complete as
indicated 1in a block 526. If a timeout occurs, the VF DD 1s
not able to resize 1n a given time as indicated 1n a block 528,
the hypervisor and adapter now release the new bullers as
indicated 1n a block 530 and the scale down resize operation
has failed as indicated in a block 332. When the VF DD
returns a failure and the hypervisor and adapter free the new
buflers. When the hypervisor does not receive a response
from the partition within the set timeout seconds, the hyper-
visor assumes failure and frees up the new bullers and
operations end at block 534.
Referring now to FIG. 6, an article of manufacture or a
computer program product 600 of the invention 1s 1llus-
trated. The computer program product 600 1s tangibly
embodied on a non-transitory computer readable storage
medium that includes a recording medium 602, such as, a
floppy disk, a high capacity read only memory 1n the form
of an optically read compact disk or CD-ROM, a tape, or
another similar computer program product. Recording
medium 602 stores program means 604, 606, 608, and 610
on the medium 602 for carrying out the methods for imple-
menting concurrent adapter firmware update for an I/O
adapter, such as a Single Root Input/Output Virtualization
(SRIOV) adapter of a preferred embodiment 1in the system
100 of FIG. 1, or system 200 of FIG. 2.
A sequence of program instructions or a logical assembly
ol one or more interrelated modules defined by the recorded
program means 606, 606, 608, and 610, direct the computer
system 600 for implementing concurrent adapter firmware
update for an I/O adapter, such as a Single Root Input/
Output Virtualization (SRIOV) adapter of a preferred
embodiment.
While the present invention has been described with
reference to the details of the embodiments of the invention
shown 1n the drawing, these details are not intended to limat
the scope of the invention as claimed in the appended
claims.
What 1s claimed 1s:
1. A system for implementing dynamic resizing of a
Single Root Input/Output Virtualization (SRIOV) virtual
function (VF) 1n a SRIOV adapter in a computer system
comprising:
the SRIOV adapter comprising a plurality of virtual
functions (VFs), and a physical function (PF) contain-
ing said plurality of virtual functions (VFs);
a Processor;
at least one logical partition (LPAR) coupled to the
Processor;
a virtual function (VF) device driver provided with the
LPAR;
a management function and a hypervisor managing allo-
cation of resources to each LPAR and managing func-
tions associated with the SRIOV adapter including the
SRIOV PF and VFs;
a hypervisor managing functions associated with the
SRIOV adapter;
said processor using said management function and said
hypervisor to perform the steps of:
cnabling the virtual function (VF) to be dynamically
resizable;

determining SRIOV virtual function (VF) usage for the
SRIOV wvirtual function (VF) to be resized based on
adapter statistics;

generating a resize event to selectively scale-up or scale
down VF resources based upon the SRIOV virtual
function (VF) usage;
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allocating, by the hypervisor, new direct memory
access (DMA) and memory management mput out-

put (MIMO) buflers for the VF;

performing the resize event, the resize event including
the steps of:
checking, by the VF drniver, a current VF state and
determining whether the VF is busy;
in response to determining that the VF 1s not busy,

resizing, by the VF dniver, the internal structures
of said VF dnver,

notifying the hypervisor of the completion of the
resizing; and

in response to the notification, said hypervisor
freeing old DMA and MMIO buflers allocated
to the VF and 1ssuing a command to use the new
DMA and MIMO buflers,

in response to determining that the VF 1s busy,

notifying the hypervisor of an inability to com-
plete the resize event based on determining that
a predetermined wait threshold has been
reached, and

in response to the notification, releasing, by said
hypervisor, the new DMA and MIMO buflers.

2. The system as recited in claim 1, wherein said man-
agement function and said hypervisor include control code
tangibly embodied in a non-transitory machine readable
medium used for implementing dynamic resizing of the
SRIOV VFE.

3. The system as recited 1n claim 1, said hypervisor further
includes a respective virtual function (VF) device driver
coupled to SRIOV VFs; and

wherein said hypervisor communicates the resize event to

an associated SRIOV VF device driver.

4. The system as recited 1n claim 1, said hypervisor further
includes a respective physical function (PF) device driver
coupled to SRIOV PF;

and wherein said hypervisor communicates the resize

event to an associated SRIOV PF device driver.

5. The system as recited 1n claim 1, wherein generating,
the resize event to selectively scale-up or scale down VF
resources includes said processor using said management
function for periodically querying the SRIOV adapter for
activity statistics for each SRIOV wvirtual function (VF)
enabled to be resized, and said processor using said man-
agement function calculating VF resource usage based on
the activity statistics and using the calculated VF resource
usage to determine whether VF resources need to be scaled-
up or scaled-down.

6. The system as recited 1n claim 5, includes said hyper-
visor sending the corresponding resize event to a hypervisor
based physical function (PF) device driver and a partition
based virtual function (VF) device driver.

7. The system as recited 1n claim 6, includes responsive to
a successiul resize operation, using new direct memory
access (DMA) buflers and new memory management input
output (MMIQO) butlers for the resize event.

8. The system as recited 1n claim 6, includes responsive to
a Tailed resize operation, keeping current direct memory
access (DMA) buflers and current memory management
iput output (MMIO) buflers used before the failed resize
event.

9. The system as recited 1n claim 6, includes dynamically
moditymng direct memory access (DMA) windows and
dynamically modily memory management input output

(MMIO) windows for the SRIOV wvirtual function (VF)
resource.
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10. The system as recited imn claim 1, includes said
processor using said management function and said hyper-
visor to perform the steps of determining SRIOV virtual
function usage based on collecting adapter usage statistics
for a plurality of resize pole intervals and averaging the 5

collected usage statistics.
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